
"' 0 
0 

% 

WHO 1-81-21 

116ods Hole c.?! ' 

1930 

-... 
c: ..., ... 
~ 

Oceanographic 
Institution 

THE CONTRIBUTION OF NORMAL MODES IN THE 
BOTTOM TO THE ACOUSTIC FIELD IN THE OCEAN 

by 

Mark K. Macpherson 
and 

George V. Frisk 

Apri 1 1981 

TECHNICAL REPORT 

Prepared for the Offiae of Na>.JaL Research 
under Contract N00014-??-C-0196. 

Approved for pubLic reLease; distribution 
unlimited. 

WOODS HOLE, MASSACHUSETTS 0254 3 



\ 

WHOI-81-21 

THE CONTRIBUTION OF NORMAL MODES IN THE 
BOTTOM TO THE ACOUSTIC FIELD IN THE OCEAN 

by 

Mark K. Macpherson 
and 

George V. Frisk 

WOODS HOLE OCEANOGRAPHIC INSTITUTION 
Woods Hole, Massachusetts 02543 

Apri 1 1981 

TECHNICAL REPORT 

Prepared for the Office of Naval Research under Contract 
N00014-77-C-0196. 

Reproduction in whole or in part is permitted for any pur
pose of the United States Government. In citing this report 
in a bibliography ~ the . reference given should be to: 'J. Acoust. 
Soc . Am. 68 (2): 602-612. (August 1980 ). 

Approved for public release; distribution unlimited. 

Approved for Distribution: Earl E. Hays, Chairman 
Department of Ocean Engineering 



The contribution of normal modes in the bottom to the 

acoustic field in the ocean 

Mark K. Macphersona) and George V. Frisk 

Woods Hole Oceanographic Institution, Woods Hole, Massachuse//s 02543 

(Received 2 January 1980; accepted for publication 5 May 1980) 

The effects of normal modes in the bottom on the acoustic field in the ocean are examined. The ocean bottom 

model consists of a slow isovelocity layer overlying an isovelocity half-space to simulate the characteristic 

sound velocity drop at the water-bottom interface. Attention is focused on the perfectly trapped modes which 

are excited in the layer by inhomogeneous waves emitted by a point source in the water column. The relative 

normal mode contribution to the total acoustic field in the water is calculated analytically for a near-bottom 

source/receiver geometry and evaluated for representative ocean bottom examples. It is shown that, for 

combined source/receiver heights less than a wavelength, the field is dominated by the leaky mode 

contribution at short ranges ( $ 2 km) and the trapped mode contribution at long ranges ( ~ 2 km). For fixed 

bottom parameters, the trapped mode contribution increases exponentially with decreasing combined 

source/receiver height. It is also shown that, for a fixed layer wavenumber-thickness product and fixed layer 

sound speed, the leaky mode fields at different frequencies are approximately range-scaled versions of the 

same field. 

PACS numbers: 43.30.Bp, 43.30.Dr, 92.10.Vz, 43.30.Jx 

INTRODUCTION 

It has been shown1
'

2 that deep - sea sediments charac
teristically exhibit a lower sound speed in the upper 

few meters than in the immediate overlying ocean. 

This low speed layer can be expected to support acou

stic energy in the form of normal modes that will alter 

the sound field in the deep ocean. The trapping of 

energy in the sediment from the ocean would proceed 

by a coupling process that was proposed by Lamb3 and 

was extended for geophysical cases by Press and Ewing~ 

and Jardetzky and Press. 5 Analogous problems exist 

within the water column in the form of surface ducts 

and have been investigated by Labianca6 and others.7
'
8 

Theoretical considerations of propagation in slab con
figurations have been made by Tamir and Felsen9 and 

Fiorito and Uberall,10 for example. 

In particular, perfectly trapped normal modes can be 

excited in the low speed layer by a source in the water 

column because the source emits an angular spectrum 

of plane waves11 which includes waves at complex an
gles of incidence 8 = rr/ 2 - ia (a> 0). The source couples 

into the trapped modes via these exponentially decaying 

inhomogeneous waves. These modes manifest them

selves as resonances (arising from poles) in the plane 

wave reflection coefficient for the layer. 12 By deter

mining the strength of these modes in the water column, 

it will be possible to assess the feasibility of measuring 

these resonances. 13
-
17 

In this paper we examine the contribution of these 

trapped modes to the total acoustic field when the bot

tom consists of a slow isovelocity fluid layer overlying 

an isovelocity fluid half-space. The water is modeled 

as an isovelocity half-space, and therefore the effects 
of gradients and surface reflections are neglected. For 

simplicity, the effects of attenuation have not been in
cluded in this model. The theory is based on the me-

alpresent address: 16 Alexandra Cres ., Glenbrook, N.S.W. 

2773 , Australia. 

thod used by Ewing, Jardetzky , and Press18 (EJP) for 

the two-fluid half-space problem. It requires that the 

horizontal range between source and receiver be much 
greater than both the wavelength and the combined 
source/ receiver height. This near -bottom geometry is 

suitable to our case since we expect the effect of the 

trapped modes to be greatest in the vicinity of the 

water -bottom interface. It is to be contrasted with the 

approach of Brekhovskikh,11 for example, who requires 
that the source/ receiver height be much greater than 

the wavelength. 

Using the EJP method, we can decompose the total 
field into the following elements: (a) incident wave, 

(b) specularly reflected wave at the upper interface, 

(c) lateral (refracted) wave at the lower interface, (d) 

perfectly trapped normal modes, (e) modes which are 

leaky at the upper interface only, and (f) modes which 

are leaky at both interfaces . We shall investigate the 

relative contributions of these various elements as a 

function of source/ receiver height, frequency, layer 

thickness, and sound velocity within the layer. 

I. THEORY 

For a spherical wave of amplitude Po emitted by a 
point source located in isovelocity water overlying a 

horizontally stratified bottom, Fourier decomposition 

into an effective infinite sum of plane waves gives the 

solution for the excess acoustic pressure in the 
form11

'
18 

(1) 

The point source (of angular frequency w) and receiver 

are separated by a range r and are located at heights 

z 0 and z above the interface, respectively. J
0 

is the 

zero-order Bessel function and R(kr) is the plane wave 
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